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Statement  of  the  Problem 

The  basic  experimental  approach  to  the  research  undertaken  was  to 
determine  adsorption  in  a  ternary  system  which  would  permit  evaluation  of 
the  thermodynamic  relation 
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derived  by  Darken  and  Simkovich  (attached  paper  defines  the  symbols).  The 
system  Fe-Cr-0  at  1313K  (1040°C)  was  chosen  and  H2/H20  atmospheres  were 
utilized  to  control  the  oxygen  pressures.  Alloy  compositions  ranged  from  pure 
iron  to  chromium  concentrations  of  two  wt  %. 

Results 

Utilizing  a  thermostated  automatic  recording  microbalance  the  adsorption 
of  oxygen  on  the  pure  iron  and  the  iron-chromium  alloys  was  measured.  These 
tests  are  still  in  progress;  however,  typical  results  are  depicted  in  Fig.  1. 

It  may  be  noted  that  in  accord  with  as  a  negative  interaction  coefficient 

the  adsorption  of  oxygen  on  iron-chromiun  alloys  is  anticipated  to  be  greater 
than  the  adsorption  of  oxygen  on  pure  iron.  Such  is  revealed  in  Fig.  1. 

The  adsorption  curves  shown  in  Fig.  1  are  based  on  the  premise  that  little 


oxygen  dissolves  in  the  iron  or  iron  based  alloy.  This  is  not  true  and 
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therefore  the  solubility  of  oxygen  in  pure  iron  and  iron-chramiua  alloys 
is  being  measured  on  small  surface  area  samples.  Typical  values  obtained  on 
a  1st.  X  Cr  alloy  are  given  in  Table  1.  These  measurements  are  also  being 
continued  and  in  addition  to  providing  solubility  data  such  measurements  also 
permit  the  evaluation  of  the  interaction  coefficient  £23*  or  zcr~0  t^-s  case. 


Table  I.  Solubility  of  Oxygen  in  Fe-1  wt  X  Cr  Alloy  at 
1313K  (10408C) 


PQ  (atm) 

-!og  P02 

P0  H  (atm)1* 

m  of  oxygen 

Z  wt  of  Fe,  Cr  and  0,  gms 

-22 

9.23x10 

21.03 

3.04xl0"U 

3. 50xl0~7 

1. 78xl0"21 

20.75 

4, 22xl0-11 

5. 83xl0~7 

4. 87xl0~21 

20.31 

6.98xlO"U 

9.  33x10" 7 

8. 46x10" 21 

20.01 

9.20xl0"U 

1.40xl0"6 

-20 

1.33x10  4 

19.88 

1.15xl0'10 

1.63xl0"6 

3. 83xl0"20 

19.47 

1.96x10" 10 

2. 80x1 0~ 6 

The  results  listed  in  Table  I  fit,  reasonably  well,  a  Slverts'  type 

plot. 

In  addition  to  the  solubility  and  adsorption  measurements  discussed 
above  Auger  spectroscopic  determinations  have  been  made  on  a  msnber  of  samples. 
Some  of  these  results  were  given  in  the  report  for  the  time  period  1  January 
1980-30  June  1980.  Further  studies  have  been  made  so  that  we  shall  have  Auger 
results  on  0.25,  0.50,  1.00,  1.50  and  2.00  wt  X  Cr  alloys,  before  and  after 
chemisorption  of  oxygen. 
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The  initial  Auger  results  are  in  accord  with  the  derived  theory  for 
adsorption  in  multicomponent  systems.  They  also  indicate  that  adsorption 
in  the  Fe-Cr-0  system  is  not  confined  to  a  few  atomic  layers  at  the  alloy-gas 
interface  but  occurs  to  a  depth  of  at  least  40  Angstroms. 

It  is  perhaps  appropriate  to  remark  that,  following  some  initial  experimental 
problems,  the  project  has  consistently  provided  new  and  interesting  data  which, 
it  is  anticipated,  will  be  utilized,  along  with  the  theories  developed,  as  a 
basis  to  predict  adsorption  phenomena  in  multicomponent  systems. 

Publications 

Two  papers  have  been  published  -  "High  Temperature  Adsorption  In  Ternary 
Systems"  by  L.  S.  Darken  and  6.  Simkovich  in  Scripta  Met. ,  13,  431  (1979) 
and  "An  Analysis  of  Chemi sorption  in  Multicomponent  Systems"  by  B.  Ozturk  and 
G.  Simkovich  to  be  published  In  Met.  Trans.  A.,  Dec.  (1980).  These  are  attached. 

Another  paper,  "Adsorption  in  Multicomponent  Systems"  is  to  be  presented 
at  the  Carl  Wagner  Commemorative  Symposiun  at  the  AIME  Meeting  in  Feb.,  1981 
in  Chicago,  Ill.  The  AIME  will  published  these  symposiun  papers  in  a  Special 
Symposiun  Volute.  This  paper  is  authored  by  B.  Ozturk  and  G.  Simkovich. 

At  least  two  additional  papers  by  B.  Ozturk  and  G.  Simkovich  will  be 
prepared.  These  are  tentatively  titled  "Chemisorption  of  Oxygen  on  Fe-Cr 
Alloys  at  1313K"  and"The  Solubility  of  Oxygen  in  Fe-Cr  Alloys  and  the  Interaction 
Coefficient,  £Cr_Q»  at  1313K. " 
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Adsorption  at  interfaces,  significant  in  many  systetaa,  hat  been  studied  primarily  in 
binary  systeais,  even  chough  real  systeas  are  primarily  aultieoaponent  systeas.  In  binary  ays team , 
adsorption,  especially  at  high  teaperatures,  is  of  the  order  of  a  aonolayer  on  less.  In 
aultieoaponent  systeas,  however,  surface  adsorption,  under  certain  conditions  of  coapositlon 
and  teaparature,  cay  reasonably  be  expected  to  be  much  more  extensive  than  in  binary  systeas 
containing  the  sane  major  component  as  is  shown  in  cha  following  section. 

As  an  exaaple,  one  might  consider  the  adsorption  of  oxygen  on  pure  silver,  in  one  case, 
and  on  silver  allayed  with  small  amounts  of  an  alloying  element  which  has  a  higher  affinity 
for  oxygen  than  does  silver,  say  cooper,  in  the  second  case.  For  the  case  of  oxygen  on  pure 
silver  (1),  it  is  relatively  well  established  tha:  a  aonolayer  of  oxygen  is  adsorbed  at  932*C 
and  oxygen  pressures  between  10.1  and  10,100  Pa.  In  the  case  Ag-Cu  alloys  one  may  anticipate 
tha:  copper  froa  the  alloy  is  adsorbed  at  the  surface  at  a  lower  P02  than  that  for  formation  of 
an  oxide  phase  end  Induces  further  adsorption  of  oxygen;  these  processes  may  reasonably  be 
expected  to  repeat,  giving  rise  to  multilayer  adsorption  of  both  oxygen  and  copper.  It  is 
noted  that  this  enhancement  of  oxygen  and  copper  adsorption  is  ouite  different  froa  the  BET 
type  (2). 

Uc  develop,  in  the  following  section,  'he  relations  which  ir.cicate  that  multilayer  adsorp¬ 
tion  Is  also  to  be  anticipated  froa  a  quantitative  point  of  view,  es  well  as  the  qualitative 
ccncept  presented  in  the  above  introduction. 

Theoretical 

Ue  first  consider  a  binary  system,  say  "pure"  metal  (component  1,  solid  adsorbent)  end 
“pure''  gas  (component  2,  adsorbate).  A  "clean”  specimen  of  the  metal  phase  exposed  to  the  gas 
P’nasa  at  a  chemical  potantial  lass  than  that  necessary  to  fora  an  intermediate  phase  will 
dissolve  an  equilibrium  amount  of  the  gaseous  component  in  solid  solution  and  will  adsorb  on 
its  surface  an  amount  of  gas  (generally,  less  than  a  nonlayer  (1,3-6),  but  not  necessarily  less 
than  a  monolayer  (7)]  in  accord  with  cha  Gibbs  adsorption  equation  (7)  for  a  binary  syatam 


-  (t^) 
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utiara  o  is  Cha  surfaca  free  energy  of  the  system,  -n  is  she  chemical  potential  of  the  gaseous 
component,  aj  la  tha  thermodynamic  activity  of  this  cccponent,  R  and  T  carry  their  normal 
connotation  and  72  is  the  excess  concentration  of  component  2.  In  respect  to  component  1, 
adsorbed  at  the  Interface.  In  the  Gibbs  adsorption  relation,  eq.  1,  no  assumption  is  involved 
cracernlng  the  aaount  of  adsorbate  (7),  thus  although  experiments  which  were  put  formed  with 
care  normally  find  an  excess  concentration,  7?  in  binary  svxtcms  of  the  order  corresponding 
to  a  aonolayer  or  leas  of  coaponant  2,  it  is  entirely  feasible  that  multllayars  aay  be  formed. 


Ue  now  consider  cne  addition  of  a  third  component  to  the  xetal  phase.  Further,  we  take 
this  third  coaponant  to  hava  a  high  "affinty"  for  the  gaseous  phase  and  we  consider  adsorp¬ 
tion  only  at  tha  gas-solid  lnterfaca  at  this  time  although  adsorption  at  other  interfaces. 
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e.g.  grata  boundaria*.  could  wall  ba  included  in  the  analysis.  For  this  case,  exposure  of  the 
aatal  phase  to  the  gaseous  phase  results  in  (1)  dissolution  of  the  eas  in  the  metal  phase; 

(11)  adsorption  of  component  3,  probably  ia  multilayers  at  the  petal  phase-gas  interface:  and 
(ill)  adsorption  of  the  gas,  component  2,  probablv  in  multilayers,  also  at  the  metal-gas  inter¬ 
face.  The  multilayer  adsorption  occurs  primarily  Because  of  the  "affinity**  which  components 
2  and  3  have  for  each  other.  Again,  of  course,  n.c  activities  of  the  components  are  maintained, 
such  that  no  new  condensed  phase  is  formed. 


Following  C.  Vagner's  (6)  recent  thermodynamic  analysis  of  adsorption  we  use,  as  independent 
variable,  bulk  composition  terns  yt,  defined  as 

Fl  »  ni/ni  (2) 

where  compositions,  therefore,  are  expressed  relative  to  component  1  and  n^  are  moles  of 
component  1  la  the  bulk  alloy.  We  restrict  the  analysis  to  ths  single,  planar  solid  phase 
present  and  we  consider  A,  T,  P  (or  V)  end  ni  to  be  constant.  Under  these  conditions  for  a 
ternary  ayatam,  the  Clbbe  adsorption  equation  becomes 


do  •  -  f2  du j  dii3 


(3) 


Ve  now  lntroduco  the  derivatives  of  ths  chemical  potentials  with  respect  to  y^  [at 
constant  A,  T,  P  (or  V),  and  y'a  4  y^J  v 
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ia  ordar  to  express  (4)  in  terms  of  activities  one  obtains,  upon  solving  for  and  fj.  the 
relations. 
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We  define,  for  the  bulk  alloy,  the  "activity  coefficients"  as 

at 
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where  *g  and  tgj  are  comparable  to  tha  self-interaction  and  interaction  eoefficlenta  presently 
found  in  the  aetallurgical  literature  (9).  Utilising  eqa.  (7),  (3)  and  (8).  eos.  (6)  becoae 
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Eqa.  (10)  are  general,  at  the  stated  conditions,  as  no  approximations  have  been  aade  in 
arriving  at  the  expressed  relations.  In  particular,  no  approximations  as  to  the  type  of  solu¬ 
tion,  i.e.  ideal  or  regular  have  been  aade  and,  therefore,  the  derived  relations  aay  be 
considered  for  many  ternary  systems. 


Ve  now  consider  the  special  case  of  low  solubility  of  component  2,  e.g.,  oxygen  or 
sulfur,  in  the  alloy  phase.  Ue,  therefore,  consider  y2  to  be  so  small  that  all  tens  containing 
yj  aay  be  set  equal  to  zero.  Eqs.  (10)  then  becoae 
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Substituting  eq.  (11a)  into  (lib)  and  rearranging  one  obtains 
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Eq.  (12)  indicates  quite  strongly  that  the  presence  of  component  2  may  enhance  to  a  great 
extent  the  adsorption  of  component  3  at  the  solid  alloy-gas  interface  if  C23  has  a  large  negative 
value,  ae  la  tha  noraal  case  for  an  element  whichhas  a  high  ''affinity"  for  another  element; 
in  this  case  and  if  Tj  is  sufficiantly  large',  the  second  term  on  the  right  of  eq.  (12)  becomes 
a  larga  positive  term  that  aay  raasonably  ba  expected  to  contribute  significantly  to  T3. 
Convcrsaly,  if  C23  la  a  larga  poaitlva  number  then  desorption  uin  occur  in  the  ternary  aystaa. 

Sines  aqs.  (10)  art  sytaetrlcal  with  raspect  to  Tj  and  13  one  may  obtain  an  equation 
similar  to  aq.  (12a)  for  Tv  whenever  the  solubility  of  component  3  is  sllowed  to  go  to  zere.  In 
this  case  one  obtains,  as  an  analogua  to  eq.  (12a),  the  relation 

»o  -  , 

2  »  in  yV  73*23*3 

*  RI  (1  ♦  t,y2)  (1  ♦  c2r2)  (121>> 

Again,  the  adsorption  of  a  component,  2,  is  shown  to  ba  enhanced  by  the  presence  of  asether 
component,  3,  which  has  a  special  attraction  for  the  component  as  would  be  exhibited  by  a 
larga  negative  valua  of  c 33. 

In  catalytic  investigations  (10-13)  it  is  ralatlvely  well  accepted  that  the  composition  of 
a  binary  alloy  is  surface  enriched  in  one  of  the  binary  alloy  components  when  the  alloy  Is 
exposed  to  e  gaseous  atmosphere  which  has  a  particularly  high  affinity  for  this  component. 

These  results  are  completely  ir.  accord  with  our  theoretical  expressions. 


A  few  systems  that  have  shown  such  behaviour  are  Si-Au  (12)  and  Au-Pt  (10)  alloys.  tfhen 
Si-Au ‘alloys  ara  exposed  to  oxygen  pressures  0:  the  order  of  10*3  to  10*^  ?a  for  short  periods 
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of  tins,  of  tho  order  of  several  hundred  scronae,  over  a  range  of  temperatures  f roc  room  teapera- 
tura,  far  Boat  of  the  reported  experiments,  to  1300  K,  for  eoae  experiments ,  It  ua*  found 
that  the  alloys  which  were  int tally  gold  enriched  in  inert  ataotpheres  or  hydrogen,  in  accord 
with  Gibb's  equation  for  the  adsorption  of  a  lower  surface  energy  eleaent  (s^u  *  * • 40  J/a2 
<  osl  m  1.85  J/a2)  beceae  nickel  enriched  in  accord  with  the  derived  'relations,  Furthetmore, 

Au-Pt  alloys  which  are  gold  enriched  under  ultrahigh  vacumcenditions,  again  in  accord  with 
Gibbs'  aquation  for  binary  systaaa  (cAu  •  1.40  J/a-  <  opt  •  2.35  J/o-) ,  becooe  surface  enriched 
in  placinia  upon  expoeure  to  CO  of  about  10*2  Co  10" 2  Pa  for  relatively  long  periods  of  tlae 
(a  few  hours  to  three  plus  days)  froa  rooo  temperature  to  373  K. 

In  the  case  of  the  Ri-Au  alloys  one,  of  course,  has  the  possibility  of  actually  oxidizing 
the  nickel  froa  the  alloy  evan  at  the  low  oxygen  pressures  utilized  but  the  Au-P:  alloys  should 
not  exhibit  any  such  behavior.  Thus,  ic  is  apparent  that  the  results  obtained  are  in  general 
agreement  with  the  above  derived  relatione,  in  particular  eqs.  (12a)  end  (12b). 

It  is  Inport  ant  to  realise  the  C23  need  r.ot  always  carry  a  negative  sign  and  thus  enhance 
adsorption  hue  cay  alao  carry  a  positive  sign  and,  hence,  reduce  adsorption.  In  particular 
it  is  known  that  C53  carries  a  positive  sign  for  sulfur  and  nitrogen  and  for  sulfur  and  carbon 
dissolved  In  liquid  Iron.  On  this  basis  one  would  anticipate  that  the  presence  of  nitrogen 
or  carbon  in  liquid  Iron  and,  asauaing  that  the  sign  of  cij  does  not  change  with  a  decraaae 
io  temperature,  alao  in  solid  iron  would  decrease  the  adsorption  of  sulfur,  a  highly  “surface 
active”  agent  in  iron,  ac  interfaces.  Some  recent  studies  (14)  by  Tauber  and  Grabke  of  surface 
concentrations  of  fracture  surfaces  of  Fe-S-N  end  of  Fa-S-C  alloys  show  that  both  nitrogen 
and  carbon  displace  sulfur  at  interfaces  when  they  are  present  in  sufficiently  high  concentra¬ 
tions  at  600*C. 

Hence,  both  enhancement  and  reduction  of  adsorption  is  attainable  which  is  completely  in 
accord  with  the  derived  relations. 

In  addition,  recant  experiments  at  Penn  State  (15)  have  shown  that  the  presence  of  small 
•mounts  of  Cr  in  Fe  enhances  considerably  the  adsorption  of  oxygen  upon  these  alloys  in 
comparison  to  adsorption  upon  “pure  iron”. 

Support  by  the  U.S.  Army  research  Office  is  gratefully  acknowledged. 
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"An  Analysis  of  Chemisorption  in  Multicomponent  Systems" 
B.  Ozturk  and  SLmkoviih 


Introduction 

The  mechanical  and  corrosive  properties  of  many  polycrystalline 
materials  frequently  are  influenced  substantially  by  adsorption  of  minor 
solute  components  at  grain  boundaries  and  other  interfaces.  Unfortunately, 
because  theoretical  analyses  have  primarily  been  restricted  to  binary 
systems,  most  experimental  efforts  have  necessarily  interpreted  results 

under  restrictive  theoretical  foundations. 

1  2 

Recently,  Darken  and  Simkovtch  ,  following  Wagner  ,  obtained  theoretical 
relations  for  adsorption  in  ternary  systems  which  may  be  utilized  to  predict 
either  enhanced  or  reduced  adsorption  in  such  systems.  This  note  is  concerned 
with  the  extension  of  Darken  and  Simkovich's  analysis  of  ternaries  to  multi- 
component  systems  and  indicates  how  the  derived  relations  may  be  employed  to 
indicate  the  course  of  adsorption  as  solutes  are  added  or  extracted  from  a 
solvent  phase. 

Theoretical 

For  a  binary  system  at  equilibrium  at  constant  temperature  and  pressure 
and  where  no  strain  energy  is  involved,  e.g.,  at  free  interfaces  or  incoherent 
grain  boundaries,  the  Gibbs  adsorption  equation  is. 
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where  o  is  Che  surface  free  energy  of  Che  system,  U2  is  Che  chemical 
potential  of  component  2  (Che  solvent  is  taken  as  component  1) ,  aj  is  Che 
thermodynamic  activity  of  component  2,  R  and  T  carry  their  normal  connotation 
and  r2  is  the  excess  concentration  of  component  2,  with  respect  to  component  1, 
adsorbed  at  the  interface.  Following  Wagner  ,  i'2  is  defined  explicitly  as  the 
difference  beeween  Che  concentration  of  component  2  in  Che  surface  region  and 
the  concentration  of  component  2  in  the  bulk  phase  where  the  concentrations 
are  related  only  to  the  main  component  1  (see  eq.  3).  It  should  be  noted  that 
the  Cibbs  adsorption  relation  is  not  restrictive  in  terms  of  the  amount  of 

3 

material  adsorbed  nor  the  spatial  extent  oi  adsorption  . 

Utilizing,  for  a  ternary  system,  the  relation 
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Darken  and  Simkovieh  obtained  the  relations 
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with  A  (area),  T,  P  (or  V)  and  y's  f*  y^  he id  constant. 

We  consider  Che  case  of  a  quaternary  system.  For  this  case  Eq. 


(2)  becomes 
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do  -  -  r2du2  ~  r3dy  3  ~  f\du4  (8) 

Introducing  the  derivatives  of  the  chemical  potentials  with  respect  to 
[at  constant  A,  T  and  P  (or  V)J  one  obtains  the  set  of  equations 
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for  »  2,3  or  4  with  the  other  y's  held  constant. 

Utilizing  the  relation 
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in  order  to  express  Eq.  (9)  in  terms  of  activities  one  obtains, upon  solving 
for  r2,the  relation 
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Similar  expressions  for  r3  and  l4  are  also  obtainable. 

For  an  n  component  system,  Eq .  (II)  will  be  the  solution  of  the  linear 
system  of  equations  with  (n-1)  equations  and  (n-1)  unknowns. 
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We  utilize  Eqs.  (4),  (5)  and  (6),  i.e.,  the  activity  coefficient,  the 

self- interact  ion  coefficient,  e  ^ ,  and  the  interaction  coefficient,  ,  in  Eq.  (11)  to 
obtain 

r2  "  ~  RT 

(1+y 2 e 2 )  ( y  ^  34 )  t  (y 2 e 2  3 >  <Tt ny "  {y4£  34>  (Iju5y7)  1  + 

(y4e24> (y2e24) )  -  [ (i+y2£2><y3e34)  -  (y3£23Hy2e24)l 
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Again,  similar  equations  to  that  of  (12)  may  be  obtained  for  T3  and  T4. 

The  equations  such  as  H2)  are  general  under  the  given  conditions.  No 
approximations  have  been  utilized  and  such  relations  may  be  obtained  for 
(n-1)  components  of  an  n  component  system. 

We  take  the  special  condition,  at  this  time,  of  allowing  the  concentrations 
of  components  3  and  4  to  approach  zero,  l-'or  this  case  one  obtains  from  Eq.  (12) 
and  the  similar  equations  for  and  T4  the  relations 


Substitution  of  Eqs.  (14)  and  (15)  Ln  Eq.  (13)  gives 
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Similarly  If  one  allows  y2  and  y3  to  approach  zero  one  obtains  for  I\ 
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and  finally  if  y ■/  and  yi,  approach  zero  out*  obtains  for  P3 
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Comparison  of  Eqs.  (16),  (17)  and  (18)  with  Eq.  (7)  shows  that 
adsorption  in  a  quaternary  system  results  in  a  rather  simple  extension  of 
the  ternary  relations. 

For  an  n  component  system  where  n  -  3,  generalization  of  equations 
such  as  (16),  (17)  and  (18)  with  component  1  taken  as  the  solvent  is  given  as 
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Thus,  one  has  available  in  Kq .  (19)  a  relation  which  allows  one  to 
indicate  the  course  of  adsorption  of  a  component  in  a  multicomponent  system. 
Should  more  than  two  of  the  components  be  present  in  concentrations  above 
the  dilute  solution  range,  then  recourse  to  more  complete  expressions,  such 
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as  Eq.  (12),  is  necessary.  Of  course,  Che  use  of  Eq.  (12)  would  present 
a  formidable  cask  in  terns  of  accwulacing  che  necessary  parameters  for  evalua¬ 
tion;  however,  equations  such  as  Eqs.  (16-18),  as  stanarized  in  Eq.  (19),  are 
somewhat  less  complex  and  permit  at  least  a  guide  to  the  adsorption  in  multi- 
component  systems.  Bulk  interaction  coefficients  are  sometimes  available 
and  adsorption  in  dilute  binary  solutions  are  also  sometimes  available. 

Thus,  adsorption  behavior  in  multicomponent  systems  may  be  approximated 
via  Eq.  (19)  which  is  certainly  of  aid  in  comparison  to  not  having  any 
scientific  guide.  In  addition,  in  view  of  the  recent  growth  of  a  variety 
of  surface  analytical  cools,  e.g.  AES,  LEED,  UPS,  ESCA,  FIM,  ISS,  etc., 
particular  systems  where  adsorption  is  of  prime  concern  may  well  be  studied 
quite  thoroughly. 

Discussion 

The  convenience  of  these  type  of  adsorption  equations  was  already  indicated  by 
Darken  and  Siuikovich.  In  particular,  it  was  noted  that  in  a  ternary  system 
Equations  (7a)  and  (7b)  allow  one  to  deduce  whether  adsorption  of  a  specific 
component  in  a  binary  system  may  be  enhanced  or  reduced  by  the  presence  of  a  third 
component  as  is  reflected  in  the  signs  of  £23  and  Tj  (or  T3).  Whenever  £23  °f 

negative  sign  and  .  (or  T  3)  is  of  reasonable  magnitude  then 

enhanced  adsorption,  perhaps  beyond  a  monolayer,  may  be  anticipated.  Con¬ 
versely,  a  positive  sign  on  c2  i  indicates  a  dislike  of  2  for  3  (and  3  for  2) 
in  the  solvent  and  again  with  a  reasonable  magnitude  for  1’2  (or  T 3)  the  adsorp¬ 
tion  amounts  may  be  reduced  in  comparison  to  a  binary. 

Of  interest  also  is  the  sign  of  ?2  (°r  r 3)  in  Eq.  (7)  and  the  sign  of 
(Do/3iny^)  for  it  Is  entirely  conceivable  that  i23  carries  one  sign,  i.e., 
positive  or  negutivu,  while  l’;>  (or  I* 3)  may  carry  the  opposite  sign.  On  such 
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an  occasion  «ven  chough  the  first  term  on  the  right  hand  side  of  Eq.  (7)  is 
positive,  as  reflected  by  a  negative  value  of  0o/3iny^,  the  second  term  will 
reduce  the  adsorption  amount. 

In  respect  to  multicomponent  systems, as  generalized  in  Eq.  (19),  each 
term  and  the  parameters  and  I\  must  be  evaluated  to  determine  the  adsorption 
of  component  1  in  the  system.  If  sufficient  thermodynamic  data  (e^'s)  are 
available  and  reasonable  estimates  of  3o/3£ny^  and  may  be  made, one  can  then 
at  least  approximate  the  adsorption  of  r  as  a  function  of  alloy  composition. 
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